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 This project focuses on Predictive Voltage Control dc-ac Quasi-Z-source Inverter 
using Second Order Filter. The proposed topology is a combination of dc-dc converter, 
H-bridge inverter and second order filter. The dc-dc converter is used to boost up the dc 
voltage throughout in this project. This is due to the dc voltage produced by the renewable 
energy are always small. The H-bridge inverter is made of 4 IGBT transistor. The boost 
dc voltage will be the input of the H-bridge inverter. The major function of the H-bridge 
inverter is to convert the dc voltage to ac voltage. The Model Predictive Control is applied 
to the H-bridge inverter. The Model Predictive Control is used to predict the future 
behaviour of the system on the discrete model of the system. The mathematical system 
model and the cost function are the main elements of this switching control. The switching 
state is chosen based on the minimum cost function and will be used in the next sampling 
instant. The ac voltage produced by the H-bridge inverter is then filtered in order to have 
















 Projek ini memberi tumpuan kepada Prediktif Kawalan Voltan dc-ac Quasi-Z-
source Inverter menggunakan Penapis Pesanan Kedua. Topologi yang dicadangkan 
adalah gabungan penukar dc-dc inverter, H-bridge inverter dan penapis pesanan kedua. 
Penukar dc-dc inverter digunakan untuk meningkatkan voltan dc sepanjang projek ini. Ini 
disebabkan voltan dc yang dihasilkan oleh tenaga boleh diperbaharui sentiasa kecil. H-
bridge inverter dibuat daripada 4 transistor IGBT. Voltan keluar penukar dc-dc inverter 
akan menjadi voltan masuk H-bridge inverter. Fungsi utama untuk H-bridge inverter 
adalah untuk menukar voltan dc ke voltan ac. Kawalan Ramalan Model digunakan dalam 
H-bridge inverter. Kawalan Ramalan Model digunakan untuk meramalkan tingkah laku 
masa depan sistem pada model sistem diskret. Model sistem matematik dan fungsi biaya 
adalah elemen utama dari kendali pensuisan ini. Negeri beralih dipilih berdasarkan fungsi 
kos minimum dan akan digunakan dalam persampelan segera seterusnya. Voltan ac yang 
dihasilkan oleh penyongsang H-bridge inverter kemudian ditapis untuk mempunyai riak 
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1.1 Project background 
 
 Nowadays, renewable energy sources such as wind turbine, solar photovoltaic and 
fuel cell are becoming more famous. This is because the clean energy demand rises year 
by year. Most applications of renewable energy need the power converter to convert 
energy from one form to another. 
The traditional inverter such as voltage source inverter is used in the renewable 
energy application to obtain the change in the dc input voltage to ac output voltage. 
However, the maximum output voltage obtained cannot be exceed from the dc input 
voltage is the major disadvantage of traditional inverter [1]. An additional stage of dc-dc 
converter is needed to obtain the ac output voltage higher than dc input voltage and thus 
it increases the cost of the system and reduce in the efficiency [1]. Hence, a new topology 
of power converter is proposed because of the deficiency of conventional inverter. 
In recent years, there is an increasing of using the Z-source inverter in the most 
renewable applications and motor drives [1], [2] which is wind power generation [3], 
photovoltaic systems [4] and electrical drive system [5]. Z-source inverter is an 
impedance network placed between the dc power source and the inverter main circuit [1]. 
It can eliminate the drawbacks of conventional inverter is the major reason that the Z-
source impedance has been applied. 
A controller is needed for each of the inverter system where it is responsible to 





the quasi-Z-source inverter. The simple boost control (SBC), maximum boost control 
(MBC) and maximum constant boost control (MCBC) are three common carrier-based 
PWM methods for the quasi-Z-source [2], [6]. Nowadays, Model Predictive Control 
(MPC) becomes most popular to be used in power converter due to the faster response in  
tracking the reference values of the control variables [7].  
 
1.2  Problem statements 
 
 There are different types of topology for dc to ac conversion. The most popular 
inverter is the voltage source inverter. However, there are two main disadvantages for this 
traditional inverter. First, this traditional inverter needs two stages. It required to boost or 
buck the dc input voltage. In addition, it needs a converter to change dc input voltage into 
ac output voltage. It needs the combination of the dc-dc converter and inverter. From the 
situation above, this combination circuit is more complex and cost ineffective. In 
additional, a traditional inverter cannot allow shoot-through state because it will lead to 
detrimental effect due to the short circuit of the voltage source. 
This problem can be solved by creating a new topology that is called Z-source 
topology. The Z-source circuit is added at the dc side of the inverter can improves the 
traditional inverter topology. In addition, this topology can eliminate the disadvantages 
of a traditional inverter which also able to reduce costs since it only needs one stage [2].  
Furthermore, an appropriate switching controller for the inverter is necessary to 
be chosen. For example, the inverter is always used PWM as the controllers. However, 
slow response is a major problem for this controller. Since the quasi-Z-source inverter 
requires high computation, therefore it is not fit for the quasi-Z-source inverter application. 
From the research done in Chapter 2, the FCS-MPC is used to apply in this project 
because it has fast response. In addition, it can reduce the switching losses due to it can 









 There are several objectives must be fulfilled to develop the design of an industrial 
power electronics system. The purpose of the current study is to determine voltage control 
of the dc-ac quasi-Z-source inverter and with predictive control boosting capability. In 
addition, to fulfil this project, it is necessary to describe the objectives: 
 To explore the working operation of quasi-Z-source inverter (q-ZSI) and MPC 
 To write coding for model predictive voltage control using LabVIEW FPGA 
 To build a working laboratory prototype (impedance source inverter, current 
sensor, voltage sensor) using PCB, conduct robustness test using predictive 
voltage control 
 To synthesize mathematical modeling of inverter and impedance network  
 
1.4 Scope of Study 
 
This involves research on the determination of resistance, inductance and capacitance 
value on the filter side. This research involves MATLAB simulation to obtain the 
preliminary result of the proposed topology inverter. In addition, this research also 
involves the validation of the MATLAB Simulation using LabVIEW FPGA. Moreover, 
the model predictive voltage control algorithm using LabVIEW FPGA is designed in this 
project. Furthermore, the laboratory scale prototype of the proposed power circuit is 











1.5 Thesis Outline 
 
 Chapter 1 presents a knowledge about the main role of the inverter and apply to 
the renewable energy application. It also discussed briefly quasi-Z-source inverter and 
model predictive control. This chapter also include of the project background, problem 
statement, research objectives and scope of the study. 
Chapter 2 discuss about the literature review based on the title of this study. This 
chapter also describes the introduction of quasi-Z-source inverter topology and model 
predictive voltage control.  
Chapter 3 describes the methodology used throughout this project, which include 
the preparation of both software and hardware. For the software part is synthesizing the 
mathematical modelling into the MATLAB Simulation, thus analyze the signal waveform. 
Next, in term of hardware part is creating an experimental prototype of the quasi-Z-source 
inverter. 
Chapter 4 is focused on the results and discussions based on the hardware results. 
From that, the comparison between simulation results and the hardware results can be 
made. 
Chapter 5 is concluding remarks of the project are presented. The limitations or 




 In this chapter, the project background of the Predictive Voltage Control dc-ac 
Quasi-Z-source Inverter using second order RLC filter has been studied. In addition, 
problem statement and scope of study and expected outcome are discussed. The main 













2.1 Proposed Topology 
 
 This topology is formed by connecting quasi-Z-source inverter, H-bridge inverter 
and RLC second order filter together. This topology is shown in Figure 2.1.  
 
Figure 2-1 Quasi-Z-source Inverter 
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